Any. Dkt. No. 026-0015 

1st Inventor: Michael H. Perrott 

Attorney: Mark Zagorin, (512) 347-9030 



S^|^38 



m 

01 

Q 
03; 

5 

o 
m 
m 
m 
o 



104 



100 



DATA 



114 



102 



PHASE 
DETECTOR 



PHASE 



ERROR 
110 



f 



112 

A. 



LOOP 
AMPLIFIER & 
FILTER 



r 

116 



FIG. 1 



108 



vco 



CLOCK 
-t — ► 



106 



tty. Dkt No. 026-0015 Sheej 
st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (5 1 2) 347-9030 




Atty. Dkt.No. 026-0015 Sj^^38 
1st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



Q_ 



Q O 



o 

H 

m 

= 

m 

ui 




e5 



Atty. Dkt. No. 026-0015 Shj 
1st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



O 



o 

CD 



o 



o 
5" 



— 1 Q_ 

_ J ir 



i 



II 1 | <L> 



"ST* 

<j5 



• 



to ^ 



! « 

I 



CO 



I ^ 

1 -§ 
J J 



•try. DktNo. 026-0015 Sheet 
It Inventor: Michael H. Perrott 
attorney: Mark Zagorin, (512) 347-9030 





^^y. Dkt. No. 026-0015 
'^^H Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (5 1 2) 347-9030 



Sheet 6, 



530 



Data In 



Reg 




Clk 512 

514 



DQ 



XL 

Latch 



D 



500 



FIG. 5 



510 



Q / 
y 542 



Retimed Data 



Data In 



Clk 



A 



Retimed Data 



t t t 

0° - 0° 
180° 



B 



C 

Error 



FIG. 6 



5 Any, Dkt. No, 026-0015 
|st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (5 1 2) 347-9030 



Sheej 



90 c 



180°— f- 



701 



270 c 



0 C 



702 



I 



90 c 



FIG. 7 



180< 



270 c 



90 c 



FIG. 8 



180< 



X 



-.703 



270< 



FIG. 9 



kAtty. Dkt. No. 026-0015 Shi 
1st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



>e^^ 



90° 




270° 



FIG. 10 




FIG. 1 1 



r.tty. Dkt. No. 026-0015 
st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



Shcc^^ 

J 



530. I J 




Data In 
Clk 512 



Reg 



D Q 



Latch 



514 rt_\ rt_ 
S I 1 — '510 | ^ 



D Q 



522 



Retimed Data 

542 
540 



1201 



1205-Xj 



Reg Latch 



1203 



D Q 



D 



.atch n 



1209 



1204 



-1207 



202 



1206 

RegJ C 



D Q 



Reset^ 
Detector" 



1210 

i H 



S Q 
R 



► ber detect 



FIG. 1 2A 



^^4.tty. Dkt. No. 026-0015 Shee^M| 

^^■l st Inventor: Michael H. Perrott 
^^Attorney: Mark Zagorin, (512) 347-9030 



Error 



530 



Data In 



Clk 512 




12 ?° 5 ! 4 rL_I^ n 



Retimed Data 



1201 



542 



■540 



1205^Vr 



Reg Latch 



T 

1204 1 



D Q 



D 



D Q 



-1207 



1209 



1206 1210 



D Qf 



Reset^ 
Detector" 



S Q 

R 



H 



ber detect 



FIG. 12B 



Atty. Dkt. No. 026-0015 
1st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



180° 



Data In 



CLK J 1 [ 

DEL CLK _l Uj 
A 



Retimed Data 

D 
E 

F 
G 



180° 
"1 




FIG. 1 3A 



DEL CLK _l I I l_T~l I I I I r 



Data In 



Retimed Data 

D 

E 

F 

G 
H 



clk J i — r 



i r 



i r 



l r 



l i — i r 



u 



FIG. 13B 



•y. Dkt. No. 026-0015 Sheet 1 

Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 




Ml I 

0 1 1 — . L 



x 1 x 2 



• • • 



n-l n 



FIG. 14 




FIG. 1 5 



Dkt No. 026-0015 Sheet 13/; 

Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



LTR or reset 

A 



State 0 
Freeze VC0 

L0L= 1 



I 




LTR or reset 



State 1 
Select Digital Cap Setting 
L0L= 1 



State 2 
Evaluate over 1 6 Cycles 
(center_accum = 1 ) 



ber count < 1 6 



State 3 
Evaluate over 48 Cycles 
(center_accum = 0) 



ber count < 43 



State 4 
Evaluate over 51 2 Cycles 
(ff_high_bw = 1 ) 



ber count < 501 



State 5 
Save VCO cap settings 
Evaluate over 51 2 Cycles 
(ff_hign_bw = 0) 

L0L = 0 




.ber count < 501 



FIG. 16 



ty. Dkt. No. 026-0015 
,t Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



Sheet 



CD 



Q 

m- 
m 
m. 

q 

01 



CD 
CO 



— LO 



<j5 



UT 

ci 



--CO 



-CO 



--o 



3 



O") 



c J CO 



Atty. Dkt. No. 026-0015 She* 
1 st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



530 



Data In 



rt>^ 




522 



1800 



Clk 



Reg 

D Q 



Latch 



Latch 



- — c* D Q-fr-D Q— *-D Q-*— D Q— t— 

^ 5,2 iV ix fV fV 



Latch Retimed Data 



510 540 580 581 



.J. 



1815 



1801 




1205 n 1207. , i ... . . . 

^ Reg M.atch Latch Latch 
D q|— hd~q| — [d~q| — [d~q 



1803 



Rate / 



1204° A 



1209 



•1811 



1809 



-1206 



1805 



U Q 




S Q 


> 




R 



reset detector 




1820 

ber_detect 

1210 



1821 



FIG. 1 8 



ty. Dkt. No. 026-0015 Sheet 1 ( 

t Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



phase 
error 




phclk_pre3 
phcl^prel^ 
rate 3 



ber_detect 

N931 



1923 



FIG. 19 



Atty. Dkt. No. 026-0015 

1st Inventor: Michael H. Perrott 

Attorney: Mark Zagorin, (512) 347-9030 



Clk48 



2001 



— Clk24 



Clk12 




2009 

phclk3_pre 



.201 l 



FIG. 20 



|ty. Dkt. No. 026-0015 Sheet 1 | 

_ It Inventor: Michael H. Perrott | 
Attorney: Mark Zagorin, (5 1 2) 347-9030 J 



Clk48 - 



Clk24 - 



Clk1 2 - 



Clk3 - 




Latch Latch 



Clk48- 



D QhHD Q 
I 



rate48 



2109 



2105 



2107 



1924 

^ phclk 



phclk_pre1 2 



2100 



FIG. 21 



Atty. Dkt. No. 026-0015 She, 
1st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



2200 



s, 



dkif\y 

• 

c\k2j/~\f 




FIG. 22 



^Atty, Dkt, No. 026-0015 Shei 
1st Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 




# 



tty. Diet. No. 026-0015 
st Inventor: Michael H. Perron 
Attorney: Mark Zagorin, (512) 347-9030 



Sheell 



BER=3e-3 



01 
01 
03 

CI 
Q 

01; 

nj 
«i 
a 




4 6 8 10 

Count (out of 16 trials) 



Prob (Count > 15) 
atBER=1e-3 



FIG. 24A 




-20 1 1 1 / i i i L i Li 

2 4 6 8 10 12 14 16 

Count (out of 16 trials) 

FIG. 24B 



•)kt. No. 026-0015 Sheet 22/38, 

entor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 




Count (out of 48 trials) 



FIG. 25A 




Count (out of 48 trials) 

FIG. 25B 



# 



Dkt. No. 026-0015 
Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



Sheet 2 




490 495 600 

Count (out of 51 2 trials) 



510 



FIG. 26A 




4GO 



470 480 490 

Count (out of 51 2 trials) 



soo 



510 



FIG. 26B 



J^feDkt. No. 026-0015 Sheet 24/38, 

^^Ventor: Michael H. Perron 
AiBrney: Mark Zagorin, (512) 347-9030 



BER Counter 


Digital Value 


>470 


31 


400-469 


30 


335-399 


29 


280-334 


28 


230-279 


27 


180-229 


26 


135-179 


25 


95-134 


24 


64-94 


23 


46-63 


22 


33-45 


21 


22-32 


20 


16-21 


19 


11-15 


18 


7-10 


17 


5-6 


16 


4 


15 


3 


14 


2 


13 


1 


Use SubBER 



FIG. 27A 



SubBER 


Digital Value 


Counter 




>200 


12 


150-199 


11 


100-149 


10 


65-99 


9 


34-64 


8 


18-33 


7 


10-17 


6 


6-9 


5 


4-5 


4 




3 


27B 2 


2 


1 


1 




FIG. 28 



^^^■ct. No. 026-0015 Sheet 26/38 

l^^Rntor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 




FIG. 29 



•tty. Dkt. No. 026-0015 
it Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



coarse 




Sheet 




FIG. 30 



• 



Dkt. No. 026-0015 
^ Inventor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



Sheet 2 



o 

01 
ni 
OJ 
^1. 
CI 
01 

£ 

CI 

hi 
yi 



1500 



1000 



500 




FIG. 31 



~ttoi 



Dkt. No. 026-00 1 5 Sheet 2 "^^ 



r 'inventor: Michael H. Perrott 
ttorney: Mark Zagorin, (512) 347-9030 



• Jitter: 0 UI 



Transition density: 1/2 




-0.5 



-0.5 

( 

5000 



lttMilir.il ,rr. i v uu^.^ 



i VCO Input 



0.6 



0.8 



1.2 



1.4 



Feedforward Output 



x10* 



0.2 



0.4 




0.6 



0.8 



1.2 



1.4 



Accumulator Output (Integrating iPath) 



-xlO" 



20 
10 

o 



0.2 



0.4 



0.6 



0.8 



I 

1.2 



1.4 




BER Coufiter ** 



x10° 



0.2 



0.2 



0.4 



0.4 



0.6 



0.8 



i „„ 
1.2 



1.4 



Fine Cap Settings 



i 

0.6 



l 

0.8 



X10" 



1.2 



1.4 



x10° 



FIG. 32 



^^Dkt. No. 026-0015 Sheet 30/3 

^^^entor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



• Jitter: 5 UI, 100 kHz 

• Transition density: 1/2 




X10 3 



FIG. 33 



kt. No. 026-0015 Sheet 3 1/38, 

ntor: Michael H. Perrott 
fey: Mark Zagorin, (5 1 2) 347-9030 



• Jitter: .5 UI, 5 MHz 

• Transition density: 1/2 




-5000 




! 


1 


> l 1. 



x10 



... .... BER Counter 



0.2 



0.4 

— i — 



0.6 

— i — 



0.8 



1.2 



1.4 




0.2 



0.4 



Fine Cap Settings 



x10 



0.6 



0.8 



1.2 



1.4 



x10* 



FIG. 34 



Dkt. No. 026-00 1 5 Sheet 32^^ 

^^Hlnventor: Michael H. Perrott 
^TOomey: Mark Zagorin, (512) 347-9030 



• Jitter: 0 UI 



• Transition density: 1/6 




FIG. 35 



. Dkt. No. 026-0015 Sheet 33/3 

f nventor: Michael H. Perrott 1 
Tttomey: Mark Zagorin, (5 1 2) 347-9030 I 



• Jitter: 5 UI, 100 kHz 

♦ Transition density: 1/6 




0.2 
O 

-0.2 
5000 

0 

-6000 
400 

200 




Feedforward Output 



X10* 



1.2 



1.4 



0.2 



0.4 



A^mulatpr Output. (Integrating Path) 



X10° 




Fine Cap Settings 



0.6 



0.8 



I 

1.2 



1.4 



x10° 



FIG. 36 



Atty^^No. 026-0015 Sheet 34/38 

1st I^^Br: Michael H. Perrott 
Attor^^Mark Zagorin, (512) 347-9030 



• Jitter: .5 UI, 5 MHz 

• Transition density: 1/6 




1 

X 10 3 



FIG. 37 



. Dkt. No. 026-0015 Sheet 35^ 

Inventor: Michael H. Perrott 
torney: Mark Zagorin, (5 1 2) 347-9030 



• Jitter: 0 UI 

• Transition density: 1 



-1 









! • ' ! 1 n 










• 


iVCO Input 

i_ — ; 






0 


0.2 


0.4 


0.6 


0.8 1 


» 

1.2 


1.4 










i 


! ! ' 

Feedforward Output 


i 


X10 3 








; ; : : 


0 

I 


0.2 
! 


0.4 
i 


0.6 
i 


0.8 1 

1 ■ — i 


■ 

1.2 


1.4 



6000 




x 10° 



FIG. 38 



•>kt. No. 026-00 1 5 Sheet 36/38^^ 

entor: Michael H. Perrott 
Attorney: Mark Zagorin, (512) 347-9030 



• Jitter: 5 UI, 100 kHz 

• Transition density: 1 




ii 
o| 



1 • : ' 


I 1 T = , 

F0edforwarct Output 


: x 1 ° 3 


1 i 1 


i i ; 





Accumulator Output (integrating Path) 




X10 



FIG. 39 



• 



Dkt. No. 026-0015 Sheet 3 

Inventor: Michael H. Perrott 
ttorney: Mark Zagorin, (5 1 2) 347-9030 



• Jitter: .5 UI, 5 MHz 

• Transition density: 1 




1.4 
x10 3 



FIG. 40 



t.Dkt. No. 026-0015 Sheet 38/3J|^ 

^vcntor: Michael H. Perrott 
rney: Mark Zagorin, (512) 347-9030 




